Introduction
Thermoelectrics is a science that examines the electrical potential that is created by the temperature differences in liquid or solid materials. Thermoelectrical systems turn heat energy into electrical energy or electrical energy into heat energy. Waste heat recovery has become one of the important ways in internal combustion engines (ICE) for energy saving. It is well known that the characteristic of combustion has an important effect on engine efficiency and waste heat recycling systems [1, 2] . The heat created by exhaust gases has an important potential [3] . For this reason, studies in the field of recovery of waste energy gain importance. Recently, thermoelectrics has become an important research topic. Recovery of wasted heat and conversion of it into useful energy such as electrical energy may increase the efficiency of energy conversion systems and reduce demand on fossil fuels and natural resources [4] [5] [6] . Thermoelectric devices may be used for cooling, heating, power generation and sensing. The effects of thermoelectric modules on cooling capacity was analyzed to be used with the finite element method of TEM. Cooling power, electrical power and performance parameters were calculated [7] . In another study, it was possible to analyze the calculations on thermoelectric devices using the finite element method [8] . A simulation study created a TEG system that consisted of 32 double legs. Three different filling thickness values were used as 100, 500 and 1000 mm to analyze the effects of TEG geometry. Cubic and strays of the TEG modules were chosen as 2 mm. Different temperatures were determined for usage as 100, 300 and 500 0 C. When the results of the experiment were examined, the temperature distribution was not uniform [9] . The TEG made use of the Seebeck effect in semiconductors for the direct conversion of heat into electrical energy. The electrons in the n-type materials that have the ability to move in semiconductors and metals serve as the holler of the p-type materials loading the carrier. These are alloys like Bi 2 Te 3 , PbTe, SiGe and BiSb. Bi 2 Te 3 is the most preferable alloy because of its appropriate working heat and thermoelectric performance. The Seebeck coefficients of p-type and n-type materials are functions of temperature. These semiconductors are placed between two ceramic layers. Thus, thermal conductivity, electrical insulation and mechanical strength could be provided [10, 11] . Some car companies have proven their interest in exhaust heat recovery, developing systems that make use of TEGs. Kim et al. designed an exhaust heat recovery system using both TEGs and heat pipes. In their study, they generated a maximum of 350 W using 112 TEGs [12] . Liu et al. investigated a thermoelectric energy generation system in which the maximum electrical power output was 183.24 W [13] . The semiconductor material used in the fabrication of the pellets was selected according to the position of the TEG in the exhaust system. Another important issue is the temperature of the cooling water. High-temperature gases passing along the exhaust pipe may be used to heat the "hot side" of the TEGs while the "cold side" is created using water-filled pipes. Moreover, the cold side of the TEM may cooled by a refrigerant or air. The preliminary work focused on the design optimization of TEG systems [14] [15] [16] [17] [18] . 
Experimental setup
A prototype that works in accordance with the working principles of thermoelectric generators was applied to an internal combustion gasoline engine's exhaust system. Two different fluids were used in the systems to create different temperatures that are the working conditions for TEM. One of these was the exhaust gases used to create a hot surface. In this study, two different fluids were used as exhaust gases and cooling water. 20 thermoelectric modules which were connected to each other in series were placed on a rectangular structure with an aluminum alloy material. The TEMs were used between the exhaust pipe and the water-cooling unit. The aluminum plate that was cut in the dimensions of 340x100x2 mm was turned into a rectangular structure in a special bending machine to achieve an angle of 90 degrees. The dimensions of the ATEG system are given in Table 1 In total, 20 TEMs were connected to each other as 10 pieces on each surface in the experiments. The system consisted of the TEMs, the inlet and outlet pipes of the exhaust gases and the water inlet and outlet. The waste heat recovery system that is shown in Figure 2 was designed for use with the exhaust pipe of the engine. This study examined the effects of an internal combustion gasoline engine that was operated at different speeds on the ATEG system. One of the most important issues was the design of the ATEG system as the design of the system directly affects the efficiency of ATEG systems. From this point, the important aspects in the design of the system were as follows:
• Thermal forces need to have the ability to distribute and manage heat as comparable to a more planar design.
• The wall surface is applied to the cold side to ensure thermal conductivity, electrical insulation and water tightness.
• Exhaust gases have edge length that will not increase the surface and the opportunity to benefit from TEM.
• The input and output nozzles are created to ensure the entry and exit of the exhaust gas flow. This way, the risk of sudden flow contraction and expansion is prevented.
The experiments used a plate consisting of the 6061 T4 aluminum material. Material selection was planned by considering machinability characteristics, corrosion resistance, lightness, flexibility and heat transfer parameters.
Fig 2. Thermoelectric Generation
The heat of exhaust gases in the rectangle channel allow creation of a hot surface in the TEM. Water was used to create the cold surface of the TEM in the system. Thermal paste was used to enhance the heat transfer and fill the micro-gaps on the surfaces of the TEMs. The ATEG cooling system consisted of mains water that had a constant flow rate. The input speed of cooling water was stable at 0.9 m/sec, and its temperature was 15 0C in all working conditions. The DC-DC converter was between the ATEG and the electrical fan as an electrical circuit. The DC-DC converter under with the brand of Mean Well with the number of SD-1000L-12 providing charge to the electrical fan in a certain voltage was used to prevent electrical fluctuations and transfer electrical power. Then, electrical power was generated with the temperature difference between the two sides of the thermoelectric modules. A thermocouple type K was used in the heat measurements. The electrical current generated by the modules was measured with a multimeter. The test set comprised a Baturalp Taylan brand engine dynamometer (test cell) bench and Loncin-brand gasoline engine with 1 cylinder and 4 strokes. Electrical dynamometers that controlled the speed and load values of the gasoline engine were connected to determine the performance of the ATEG system placed behind of the muffler on the exhaust system. The engine was operated at 1250, 1750 and 2250 rpm under full throttle and load.
Electrical dynamometers are used as loading units (Nm) in engines. The testing set that was used in the workshop of Automotive Engineering Department of Technology Faculty in Cumhuriyet University is schematically shown in Figure 3 . The objective was to determine the effects of the engine on the TEMs. The output and input temperatures of the exhaust gases were recorded by measuring the TEMs' top and bottom surface temperatures and voltage and current values. The characteristics of the internal combustion gasoline engine connected to the test stand are given in Table 2 .
Tab. 2. The characteristics of the engine that was used in the experiments
Engine Loncin G420 F Engine cooling technology Air cooling
Number of cylinders 1
Cylinder volume 420 cc The engine was operated at different speeds under full load. The numerical calculations were made in three dimensions independent from time. The ANSYS Fluent program was used for computational fluid dynamics (CFD). For CFD, the definition of the solution zone geometry was first described, the solution zone was then divided into sub-elements, and the grid was formed. The flow properties were defined, and the boundary conditions on the elements were determined. The finite volume method uses a control-volume-based technique to transform conservation equations into numerically solvable systems of algebraic equations. This technique involves obtaining the discrete equations that provide the control volume for the variables as a result of taking the integration of conservation equations for each control volume. With the iterative solution of systems of linear equations obtained by linearization of discrete equations, variables such as velocity, pressure and temperature are updated until they provide the given convergence measure. For the optimum network structure to be prepared, a tighter network structure was created, and the most appropriate network type was selected in the critical flow regions where the speed, pressure and temperature changes were large. For this reason, especially in the cavities, sections with the tightest network structure were formed, and the looser network structure was preferred in the other regions. The number of network elements was taken as 1219250. Exhaust gas and water were accepted as fluids, and different temperatures were taken at different speeds. Aluminum was selected as the material. The results were obtained for seven different engine speeds. A stable regime and a k-ε turbulent flow model were chosen in the calculations. Considering the no-slip condition in the upper and lower walls, the boundary conditions were taken in the walls as: u=v=w=0; at the channel input as: u cf , T cf and at the channel output as: P cf . The working area consisted of an inlet zone on the inlet side of the exhaust duct and a circular cross-section inlet with a diameter of 45 mm. The flow rate and temperature of the fluid that went into the channel varied depending on the engine's speed. We had two separate inlet and outlet zones at the top and bottom of the channel, a fluid (water) with an average temperature of 15°C enters this area and leaves the area from the outlet of the channel in the upper zone.
Equations involving viscous, heat transfer, nonreactive, incompressible, three-dimensional and non-perpetual flow were the equations of conservation of mass (Eq.1), conservation of momentum (Eq.2), which is Newton's second law, and energy conservation, which is the first law of thermodynamics (Eq. 4).
Continuity equation:

Navier-Stokes equation:
Where is the viscous tensile tensor and is as in Eq.3;
( )
This expression shows the conservation of the three components of momentum. The expression on the left side shows the momentum change in the unit volume, and the one on the right side shows the viscous and pressure forces acting on the flow channel. In addition to these equations, because the heat transfer in the flow was also examined, the conservation of energy equation was also used (Eq.4).
Results and Discussion
Experimental Results
The experimental section presents a description of the experimental setup and testing method to validate the newly proposed idea. The measurements were in the range of 1250, 1750 and 2250 rpm engine speeds. As shown in Fig. 4 , the maximum TEM surface temperature was measured as 148.9 0 C in the hot surface and 43.5 0 C in the cold surface when the engine ran at 2250 rpm. Due to experimental difficulties, only two different surface temperatures of the first thermoelectric module could be measured. In the study, the temperature measurements were recorded with the help of thermocouples placed on the surfaces of the TEMs.
Fig 4. The temperatures on the surface of TEM
The speed and unit time of the internal combustion engines increased as the piston speed increased. Based on these increases, the exhaust gas temperature and flow rate also increased. In the experimental studies, the temperature was in proportion with the engine speed value. The increase in the speed of the engine increased both the top and bottom surface temperatures of the TEM. The temperature of the exhaust gases in the ATEG system decreased as a result of convectional heat transfer and cooling fluid flow in the system. However, the exhaust gas temperatures in the ATEG system increased with the increase in speed. As shown in Figure 5 , the increase in the amount of fuel received by the engine at unit time increased both the combustion speed and temperatures at the end of combustion. In parallel to the increase in the speed, the exhaust gases showed an increase in their speed values. Fig. 6 shows the flow rate of the exhaust gases measured at the ATEG inlet. The maximum circuit voltage in the ATEG system that transformed the waste heat energy into electrical energy was recorded as 16.4 V for 20 TEMs. As shown in Table 3 , when the engine speed increased, the value of the produced electrical energy increased. However, this increase was not a linear one. The voltage values that were obtained were outside the regular operational voltage interval of the DC/DC converter. These measurements were measured between the ATEG system and the DC/DC converter. The converter drew a certain electrical voltage and current, but it could not transfer these to the receiver at the fixed output voltage of 12 V. Selection of different voltage intervals for the received led the converter to draw some amount of current. 
Tab. 3. The electrical results for different engine speeds and loads
Heat and flow analysis results
In the ANSYS fluent software, the experimental data that were obtained as a result of the engine operating at different values of speeds were determined as the boundary conditions. The results of the analysis showed the speed and temperature distributions in the ATEG system. The boundary conditions were updated for each analysis under different operating conditions in the engine. The temperatures found in the numerical calculations were somewhat higher in comparison to the experimental results. Since the losses that occur in real operating conditions were neglected during the analysis, we found that the emergence of a temperature difference was a normal result in the experimental and numerical studies. The cooling system of the ATEG system was effective in cooling the exhaust gases at all 3 axes. When the temperature analyses were examined, the experimentally measured output temperatures showed similarities to the analysis results.
a.
b.
c. When the speed analyses were examined, the exhaust flow rate increased in the inlet and outlet regions at all operating conditions, and the speed decreased with the expansion of the section in the middle regions. When we look at these results, the sectional structure of the inlet and outlet regions created a jet effect. Then, in the direction of flow velocity, the velocity gradually decreased in the exhaust channel. This reduction and fins improved the heat transfer in this region. At the same time, it is possible to say that, due to gravitational acceleration, the flow velocity accelerated downward, i.e., in the direction of -z. In future work, it may be possible to improve heat transfer with flow breakers which may be placed in the channel.
c. The size of the flow area may affect the flow structure. This creates a pressure effect on the engine in the opposite direction, causing the performance of the engine to decrease. For this reason, choosing as large a geometry as possible may be the wrong method. For all the analysis results, it is seen that, depending on the shape factor, the speed first decreased in the corners, then gradually increased again in the flow direction. The pressure loss coefficient increased in parallel with the increase in engine speed. As a result of this phenomenon, the pressure loss between the inlet and outlet of the ATEG increased. As it may be seen in Figs. 9 and 10, the increase in pressure loss between 1250 and 1750 rpm was low. In particular, it was greater at 1750 and 2250 rpm. This result was proportional to the flow rate of the exhaust gas. At the same time, contraction, expansion, fins, surface frictions were the main causes of this loss.
Engine Spread (rpm) 
Conclusion
Electrical energy was produced in parallel to increase in engine speeds. A total of 20 TEMs were used in the ATEG system. The maximum electrical power that was produced was calculated as 32.8 W.
Moreover, three-dimensional heat and flow analyses of the ATEG system were performed.
The results were compared with the experimental results using Ansys package program and it was found to be compatible with the experimental results. In the Ansys package program, results were obtained at different engine speeds (1250 rpm -2250 rpm). As a result, the maximum speed of 16,67 m / s and 37,49 m / s was reached in the ATEG system. The maximum temperature values are between 420 ° C and 540 ° C. It is recommended that different models be made in the following studies and these models should be done in Ansys package program.
This study proved which alternator could be the alternative energy source in supplying electrical energy for internal combustion engines. Shrinkable cross-sectional diameter (mm) D 2 Water inlet and outlet diameter (mm)
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